To determine whether gerbils can be used as a suitable animal model for giardiasis, we attempted to infect Mongolian gerbils with cysts of Giardia lamblia isolated from the stools of 10 humans with symptomatic and asymptomatic giardiasis. We obtained 100% infection with one isolate (CDC:0284:1), as evidenced by the presence of numerous trophozoites in the intestines of the gerbil and cysts in the feces. Cysts from four patients were not infective, while cysts from the other five patients produced infections in 11 to 75% of the animals. On the basis of these and other experiments, we concluded that (i) only certain isolates of human G. lamblia infect gerbils, colonize the intestine, and complete their life cycle by undergoing differentation into cysts; (ii) the infection could last for about 39 days, but the animals excreted maximum numbers of cysts on about day 13 postinfection; (iii) the pattern of cyst excretion was irregular, and some gerbils, like humans, excreted cysts intermittently; (iv) the minimum number of cysts needed to establish an infection in 50% of the gerbils was 100; and (v) only certain strains retained the ability to infect gerbils even after repeated animal passage.
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Giardia lamblia, worldwide in its distribution, is the most frequently identified intestinal protozoan parasite in public health laboratories in the United States (2) . Giardiasis is endemic in various parts of the United States, and the prevalence rate in adults can be as high as 24% (5) . During the past 15 years in the United States, many outbreaks of waterborne giardiasis, affecting thousands of people, have been described (4) . Person-to-person transmission of the parasite also has been frequently described, most commonly in day care centers (9) . Because of the increased interest in this parasite in recent years, several investigators have attempted to establish an animal model for this disease. Of the various animals used as hosts for G. lamblia, including rats (3, 12) , suckling and adult mice (7, 13) , dogs (6), rabbits (11), Mongolian gerbils (1), and cats (8) intestines were slit open longitudinally, the entire surface was scraped, and the intestinal contents were suspended in 10 ml of phosphate-buffered saline, pH 7.2, and examined for Giardia trophozoites. The stool specimens were also examined for cysts. We found that all (>50) of the randomly selected untreated animals were giardia free, so treatment with metronidazole was discontinued.
Experimental >rotocols. (i) Sources, collection, and purification of cysts. . lamblia cysts were obtained from stool samples of 10 p. ients (7 symptomatic, 3 asymptomatic) at the Veterans Administration Medical Center and Grady Memorial Hospital in Atlanta. The stool samples were mixed with 0.85% sterile saline (saline) and filtered through three layers of cheesecloth, and the filtrate was centrifuged at 250 x g for 10 min in a refrigerated centrifuge (Damon CRU model 5000; ICR, Needham Heights, Mass.) at 4°C. The supernatant was aspirated, and the sediment (ca. 2 to 3 ml) was suspended in 50 ml of saline and centrifuged as described above. After one additional saline wash, the sediment was suspended in 5 ml of saline, layered over 15 ml of 0.8 M sucrose solution in a 50-ml conical centrifuge tube, and centrifuged at 1,565 x g for 15 min. The top layer (ca. 0.5 to 0.6 ml) was carefully removed with a sterile Pasteur pipette and transferred to a 50-ml centrifuge tube, and saline was added to 50 ml, mixed well, and centrifuged for 10 min at 250 x g. The supernatant was aspirated, and the sediment was mixed well with 50 ml of saline and counted in a hemacytometer. This suspension was then centrifuged again, and the pellet containing the cysts was stored in saline at 4°C. Cysts of G. lamblia from infected gerbils were handled similarly. Gerbils were inoculated orally with a known number of cysts suspended in 0. Of the nine other isolates fed to gerbils, cysts from donors 1 and 6 (both asymptomatic) and 8 and 10 (both symptomatic) produced no infection since neither trophozoites in the duodenum nor cysts in the feces were seen.
Cysts from donor 2 produced infection in 9 (75%) of 12 animals when infected with relatively young (6-to 8-h-old) cysts (10, None of the 19 animals infected with relatively young (4-day-old) cysts from donor 7 were found to have trophozoites in the duodenum on day 13 p.i. However, 13 (68%) of 19 animals excreted cysts (rare to few) from days 7 to 13 p.i. Only 1 of 10 gerbils became infected when a large number (250,000) of stored (18 days at 4°C) cysts from the same donor were fed to the animals. This gerbil excreted rare cysts. Feces excreted on days 7 to 13 by this gerbil were pooled and concentrated on sucrose and used to reinfect two gerbils (40,000 per animal). These gerbils excreted rare cysts on days 7, 12, and 13 p.i.
Cysts (6 h old) from donor 9 were fed to nine gerbils (100,000 per gerbil). Only two of five gerbils killed 17 days p.i. had trophozoites in their guts. The other four gerbils were not examined. Six gerbils, however, excreted cysts. These cysts were pooled and used to reinfect nine other gerbils (100,000 per gerbil). Only five of nine animals were positive for trophozoites in their duodena and excreted no or rare cysts in their feces on days 5 to 8 p.i.
Even though some of the ariimals inoculated with cysts from donors 2, 3, 5, 7, and 9 excreted cysts, the number of cysts excreted was so small that it was decided to end further experimentation with these isolates.
Cysts excreted by gerbils infected with cysts from donor 4 were processed for further experimentation. Irrespective of the number of cysts (3,000 to 100,000) injected, 85 of 86 gerbils became infected and began to excrete cysts from day 5 p.i. until the day when they were killed (days 12 to 33 p.i.). Only 1 of 18 animals that received an inoculum of 3,000 cysts (from passage 2) did not become infected (Table 2) . (6) 0 (7) 0 (7) 0 (7) 0 (7) O (10) 3 (10) 0 (10) 0 (6) 2 (6) 2 (6) 0 (6) 0 (7) 0 (7) 4 (11) 0 (15) The results of the experiments to determine the minimum number of cysts necessary to cause infection (Table 3) can be summarized as follows. All 6 of the gerbils inoculated with 1,000 or more cysts each were positive for G. lamblia trophozoites; 15 (58%) of 26 gerbils inoculated with 100 cysts had trophozoites in their intestine; 2 respectively. Gerbils 1 through 4 excreted peak numbers of cysts on day 13 p.i., and the maximum number of cysts excreted varied from 5 x 10" to 15.4 x 106. Gerbil 5 was unique in that it was negative for cysts longer (10 days) than it was positive for cysts (8 days) (Fig. 1 ). All animals stopped excreting cysts from days 25 to 29, when they were necropsied. The weight ofthe gerbil stool pellets varied from animal to animal, and the average weight was calculated to be 3.1 g per gerbil for a 24-h period. The total cyst output during peak cyst excretion ranged from 1.6 x 106 to 5 x 106/g of feces.
All animals were still positive for trophozoites at necropsy at 29 days p.i. The results of the experiments using isolate 4 to study the effect of aging on the infectivity of cysts revealed that the cysts could be stored in the cold for up to 34 days with no loss of infectivity. According to Rendtorff and Holt (10) , human volunteers (65%) became infected with G. lamblia when they drank cold aerated tap water seeded with 100 Giardia cysts. Also, cysts stored in cold temperatures retained their infectivity for at least 16 days. The infected patients excreted cysts intermittently. Our results also indicate that a minimum of 100 cysts is necessary to establish infection at least 50% of the time. Rarely, as few as 45 to 50 cysts may cause infection.
All available data on the ability of physical and chemical agents to inactivate cysts were based on in vitro excystation, which is not ohly imprecise but also unreliable. By using the CDC:0284:1 strain, which can produce 100% infection in gerbils, the capacity of physical and chemical agents to inactivate cysts can be established precisely, so clear-cut public health policies can be formulated. Experiments to delineate the activity of chlorine and temperature on the infectivity of Giardia cysts are under way in our laboratories.
